The observations of Lind and Bardwell' showed that in many cases where an inert gas is present with one or more reactants in a gaseous system exposed to the alpha radiation from radon contained in the mixture, the rate of reat-lion is proportional to the total ionization produced in the system including that on the inert gas. This raised the question as to why carbon dioxide had not appeared to exert a similar influence on the oxidation of carbon monoxide2 previously investigated.
In the present work, carbon dioxide has been added to a stoichiometric mixture of carbon monoxide and oxygen, equal to the amount of carbon dioxide that could be finally produced in the completed reaction. The rate of reaction in this mixture was compared experimentally with the rate of a mixture of carbon monoxide and oxygen of the same partial pressures, but without any initial carbon dioxide, when brought about by the alpha radiation from the same amount of radon in both cases.
To anticipate the conclusion of the investigation, it may be stated that carbon dioxide has been found to exert a positive influence on the rate of reaction, but one which is small relative to that which it would have exerted had all of the ions produced on it been equally effective with those produced in the reacting gases. Instead of the ions of carbon dioxide being found 100% efficient in promoting the oxidation of carbon monoxide, the experiments enable the assignment to carbon dioxide of a rather definite efficiency of only 14.5%. This small efficiency explains the failure to detect it in the earlier experiments since there appears to have been a compensation of two oppositely directed influences, the first half of the reaction beginning with abnormally high velocity which diminishes to a minimum about midway in the reaction, from which point a gradual rise takes place that is no doubt due to the accumulation of carbon dioxide in the system. Therefore, the introduction of a large amount of initial carbon dioxide has brought its accelerating influence into greater prominence.
Experimental.-The experiments consisted in following the reactions manometrically in spherical vessels using the general methods that have been employed in the work already cited. The reaction vessels were kept in a thermostat at 25°C. The mercury manometer levels were read with the aid of a cathetometer.
Customary methods were used for the preparation, purification and analysis of the gases. Carbon monoxide was prepared by the action of formic acid on concentrated sulphuric acid; oxygen, by heating a 3:1 mixture of potassium permanganate and barium peroxide; and carbon dioxide, by heating sodium bicarbonate, from which the 2:1 carbon monoxideoxygen mixtures were prepared. The stock mixtures were shown by explosion to contain more than 99.5% of the stoichiometric mixtures. The carbon dioxide used was better than 99.6% pure, while the carbon monoxide and oxygen were over 99.7% pure. 18, 1932 corrections for the difference in diameter of the reaction spheres4 and for small differences in the quantities of radon employed. (k,)= 2.303 A 1og(P +cPC) A& e-) (2) in which ic is the relative specific ionization of the inert (catalytic or sensitizing) gas, i is the specific ionization of the reactant or mixture of reactant gases, and PC is the partial pressure of the inert gas. The term .c * PC is the equivalent pressure of reactants in which the same ionization would be produced by radon as in the reactants themselves at this same pressure. Therefore, the sum of the equivalent pressure and actual pressure of reactants is proportional to the ionization that would be produced in this total pressure of reactants under the same conditions, assuming 100% catalytic efficiency of the ions of the chemically inert gas.
In the present work, however, it is found that the efficiency is only x%, and therefore a new expression is used:
in which the term x . *Pc gives the reduced ionic equivalent. For the case of carbon dioxide influencing the carbon monoxide oxidation, the value of Pco2 is variable with time since CO2 is produced by the reaction. To determine the value of x for carbon dioxide by a trial and error method would be extremely laborious and uncertain. However, the definition of the catalytic factor permits a simple experimental determination of the efficiency of carbon dioxide as a catalyst or sensitizer. After having reduced the velocity constants to a common basis of equal spherical volume in the two cases and furthermore by considering equal time intervals so that the decay constant cancels out, we may write:
[A log P(2CO+lot)] catalyzed = constant X [A log P(2cO+ 102) ]normal (4) from which the course of one reaction may be predicted from that of the other if the catalytic factor is known. Since the initial P(2co+ 10) is not identical for both reactions of the pair but differs by a few millimeters, we may calculate exactly the pressures in either reaction from the corresponding pressures in the other by applying equation (4) . Table 3 shows this calculation. Pressures for the first parts of experiment 2 are computed on the basis of interpolated values of log P(2co+lot) from the normal reaction at rounded values of e-v. 
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A LOG A LOG LOG TOR TOR P(2C0+10o) P(2C0+10,) P(2C0+102) P(2C0+102) P(2CO+1Os) P(2C0+10,) 14.5% will be used to find the true velocity of the alpha-ray reaction between carbon monoxide and oxygen. Though the value was determined for ouly a portion of the whole course of the reaction, it will be seen in a later section to hold for the whole.
The Recoil Atom Effect.-A study of the chemical effect of recoil atoms which was first discovered by Lind in the case of water synthesis8 has hitherto been confined to that reaction, in which it is particularly marked on account of the continued removal of the reaction product, water, from the gas phase. It therefore appeared to be of special interest to extend the study of the recoil-atom effect to a reaction where the product remains gaseous and can, therefore, exert a partial "screening" of the recoil atoms. Such a case is presented in the oxidation of carbon monoxide.
If we adopt the method of finding the pressure at which the combined action of alpha-rays and recoil atoms is just twice the rate due to alpharays alone, we may employ a modified form of the expression introduced by Lind9 a *+ R in which a expresses the alpha-ray effect and R the recoil a atom effect. By definition, they are equal to each other at the pressure sought, and at any other pressure, alpha varies directly with the pressure and may be placed equal to it at any pressure while R remains constant and equal to alpha at the point of equality. Therefore the expression + R+is the abnormality factor which may be used to correct for the recoil a atom effect.
In the present case we must substitute for alpha a new value a' which is really made up of the direct alpha-ray effect on the reactants plus that due to the action of alpha-particles on the inert gas carbon dioxide. The recoil atom effect R is that of recoil atoms on the pure reactant after correction has been made for the inert gas. Actually the alpha-ray effect in this case never drops to a point where it becomes equal to the recoil atom effect since it is sustained by the presence of the inert gas. Table 5 contains the actual data and also the interpolated data in order to furnish more regular intervals. The column P(2Co+ 10) = a shows the course of the reaction with reference to the drop of partial pressure of the reactant; the column for a' gives the same corrected for the ionization contributed by the carbon dioxide; is the velocity calculated from the values of alpha; ( co).is calculated from the values of a' and therefore represents the velocity corrected for catalytic effect of inert gas. Neither of these approaches constancy. The last column in which correction is made also for the recoil atom effect represents splendid constancy almost to the end of the reaction thus esa't+R +R tablishing the validity of the correction a while the factor evidently is too large. By observing the values forit will be seen corr.
that after correction for catalytic effect of carbon dioxide, they do exhibit a marked tendency to rise owing to the recoil atom effect, but never attain a value twice the original on account of the screening effect of carbon dioxide.
Therefore, the actual value of R cannot be obtained from the data so directly as in the case of the water system and two methods for calculating R have been employed.
One method assumes inverse proportionality of R to diameter and specific ionization. The above-mentioned study of the water synthesis showed from which we find R equals 61.9 mm. This is in excellent agreement with the preceding calculation when it is realized that as much as a ten per cent error in R will produce but a 1-2% error in the velocity constant in 1-cm.
spheres, and a still smaller inaccuracy in larger vessels. The Law of the Inverse Square of Diameters.-If chemical action in a gas or mixture of gases is proportional to the length of the mean path of the alpha particles within the volume, the velocity of reaction should increase linearlv with the diameter of a sphere, other things being equal. But if the reaction is being measured by pressure change, as in the case with the present reaction, the pressure effect from a given amount of chemical action will diminish in inverse proportion to the volume or with the cube of the diameter. Combining these two effects predicts that the velocity constant measured in terms of pressure will diminish inversely with the square of the diameter. 10 Since this relation has hitherto been tested only in the case of the synthesis of water, it appears desirable to test its validity for the oxidation of carbon monoxide. With this object in view, experiments were carried out of the same type already described except that no initial quantity of carbon dioxide was added. The results are contained in tables 6 and 7. ** Table 6 contains duplicate experiments in spheres of the same size in which it will be seen that the agreement between the mean velocity constants is satisfactory. Table 7 contains a similar experiment in a sphere of twice the diameter. It will be seen that the velocity constant now assumes a much lower value as one would expect. Grouping all terms constant throughout any given experiment, we have M(2CO+102) _ X Jcorr. Two general types of mechanism have been proposed: (1) Ion-clustering in which it is assumed that the reactant molecules are brought together under the electrodynamic attraction of a central charge (positive and sometimes also negative ions) and that chemical reaction takes place upon neutralization of the charge by recombination of oppositely charged ions.
(2) Dissociation of Ions.-Either upon formation or neutralization of the ions, free atoms or radicals are formed which are chemically reactive.
The mechanism of the effect of an inert gas ion is fairly obvious for the first class if one assumes clustering about the foreign ion itself, which seems to present no electrodynamic difficulties. But in order for the foreign ion to exert an influence in the second type of mechanism, it is necessary to assume transfer of its energy by collision of the second kind, either during its life as an ion or immediately following its electrical neutralization, when the heat of ion recombination may be available.
The experimental evidence both in this reaction and in other reactions when CO, is present or produced indicates that CO2 may have two oppositely directed effects. Its ions may tend to accelerate the ionic reaction, while its neutral molecules may have a retarding effect, which might be interpreted in the clustering mechanism as a "crowding out" or inefficiency effect due to CO2 in the ion clusters. In the second hypothesis, the retarding effect of CO2 molecules would be due to a "quenching" effect, that is, to an inefficient utilization -of energy received by exchange. Too little is known of these effects to attempt at present to put them into the form of more definite mechanisms.
Summary.-The purpose of this paper was to ascertain the extent to which carbon dioxide influences the rate of the alpha-ray reaction in which it is produced by the union of oxygen and carbon dioxide. Only about 14.5% of the ionization falling upon CO2 is found to be chemically effective.
The recoil atom effect on the oxidation of carbon monoxide was examined in a one-centimeter sphere. The correction to be applied to velocity con-1 a'+ R stants was I where a' is the sum of the partial pressures of reactants a' and the ionic equivalent pressure of the catalyst. The value of R found to be 62 mm. is in agreement with that predicted from the water synthesis.
The inverse square of the diameter law was shown to hold for this oxidation by comparing the values of (a+R X D2in spheres of X cor a several sizes. An average value of about 126 was obtained.
The MIN ratio for the reaction was calculated to be between three and four. ' . is the latter constant corrected as described in the preceding section for the recoil atom effect.
